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INTRODUCTION

Like bullets used in a gun, mines are used in mine dispenser system, not to shoot
at a target, but to lay minefields. But unlike guns, a mine dispenser system is also
required to impart the arming signal and the self-destruct (SD) times to each mine at

the time of mine dispensing.

The Volcano mine dispenser system1 and the mine that it uses (the Gator mine,
slightly modified to become the Volcano mine) were developed and manufactured
separately, but are subsequently assembled into one integral system.

The Volcano mine dispenser system mainly consists of a dispenser control unit
(DCU), a launcher rack, the hand control unit (HCU), and the M87 canister which
contains the stack of mines to be deployed. The electronic mine interface is located
inside the canister, and will be the focus of this report.

Following the establishing of the inductance test, the instrumentation to be used
became an issue because it was determined that not all parties involved in the
manufacturing of the M87 Volcano canister had the same type of inductance meters.
The Lone Star Army Ammunition Plant (LSAAP) had an inductance meter which they
intended to use for the proposed inductance test that employs a different technique for
reading inductance values. This meter is a different type than the meter used by the
lowa Army Ammunition Plant (IAAP) and the producer of the coil and strap assembly.
The meter that LSAAP used, although of the standard off-the-shelf type, differed from
the other in that it made use of an alternate basic electrical engineering equation to
measure the inductance value of the transmitter coils. These equations, on which the
two inductance meters based their design, will be discussed along with the data taken
that was later used to justify their approval.

BACKGROUND

As a result of a red team investigation that reviewed the tests performed on the
M87 Volcano canister, an inductance test was established to complement the direct
current (DC) continuity test. This test was determined to be inadequate since it did not
detect opens or shorts in the individua! coils of the coil and strap assembly (fig. 1). An
open will only result in an individual mine being a dud; but, a short will result in the
entire stack (six mines) dudding. The inductance test will provide the capability to
detect short or opens in individual coils; in addition, it will also give the added benefit
of detecting grossly misaligned coils which can also result in individual mines
dudding.

1Neira, Hegel G., “The Volcano Mine Dispenser System,” February 1993.




Figure 1
Volcano mine canister assembly

The new inductance test was to be performed on the assembled M87 Volcano
canister, but because it contained live mines, safety issues were raised by IAAP
personnel in a preproduction meeting concerning the approval of an engineering
change that made the inductance test a requirement, . The proposed M87 canister
inductance test safety concerns were in reference to the energy levels of the signals
generated during actual inductance measurement or testing. lowa AAP inquired if it
was possible that the energy levels generated during testing would be sufficient to '
initiate the electronic battery initiators (EBI) inside the mines, thus initiating the safe
and arming (S&A) mechanism of the mines endangering the safety of production
personnel. Therefore, the signals generated during the inductance measurement and
testing had to be limited to less than the no-fire electrical threshold of the EBIs.




Keeping this in mind, the technical discussions that follow will show that safety
indeed was the main concern. Engineering methods along with statistical inference
were the sole basis for achieving a truly representative value for the magentic coupling
device (MCD), or transmitter coil, inductance.

TECHNICAL DISCUSSION

The technical and safety issues relating to the proposed inductance test mainly
involve the following assemblies and subassemblies of the M87 Volcano canister:

. Breech assembly
S&A
Propulsion system

. Electronic mine interface
Coil and strap assembly

Although the proposed inductance test will be performed on the test points A and
E that are on the canister connector (at the back of the Breech assembly), they have no
connection with the propulsion system or the Volcano Canister's S&A. Figure 2 is a
schematic of the inductance test circuit.

Receiving Coils

Inductance

Meter

-

L

Figure 2
Inductance test schematic

The transmitter coil assembly specification2 calls for the value of each inductor to be
19.5+ 2.0 uH at 10 KHz. Inspection of the this circuit gives a total inductance value at
test points A and E of:

Ltotal (para"e]) = L/6 = 19-5/6 = 3-25 uH




This circuit will be used to calculate the generated power that is used when
performing the inductance test with each of the proposed inductance meters.

Coil and Strap Assembly

The coil and strap assembly is basically composed of six MCDs or transmitter
coils in parallel, covered by a nylon strap neatly packed inside the M87 canister tube
assembly. It is 66 in. long and has the function of relaying the proper signals from the
DCU to the mines to activate the mine's batteries and internally set their SD times.

When the coil and strap assembly is assembled inside the Volcano canister and
the inductance test is performed, the input signals generated during this test would
have to be, as stated before, well below the no-fire threshold of the EBI, which
according to the EBI specification3, is 10 mA maximum for a 10 sec duration. Using
the minimum resistance of 1.0 Q from the same specification, the power (P) can be

calculated as follows:
P=i2R= (10 X10-3)2(1)=0.1 mW

Therefore, it follows that the energy levels generated during the inductance test
would have to be below 0.1 mW. The lower the generated power, the higher the

margin of safety.

The energy levels generated by the inductance meters themselves during actual
inductive tests, indicate the inductance value of the assembly. When a signal (of
known characteristics) is applied to the part under test, the returned signal (processed
electronically) is based on mathematical formulas or equations as shall be shown

later.

With this in mind, the energy levels generated by each inductance meter will be
calculated from their own specifications.

Inductance Meters

An inductor is a device for storing energy in a magnetic field. It is sometimes
regarded as the magnetic counterpart of a capacitor, which stores energy in an electric
field. To measure the inductance value of inductors, two types of inductance meters
were developed and are readily available on the market today. Both of these meters

2Drawing 9378619.

3Drawing 9292624 of the Volcano mine dispenser’s technical data package.




are based on the notion of electrokinetic momentum# that defines electricity flowing
through an inductor in a circuit as Li, which is the product of the current, and a
characteristic of the circuit called inductance. Analogous to Newton's second law5 of
mechanics, a derivation of the expression Li gives the following:

v = d/dt(Li)
for constant inductance

v = Ldi/dt (1)

Now, if a sinusoidally alternating current is assumed as the input

v = Ld/dt (Imcos wt)
= -oLlysin ot

applying a trigonometric identity to this equation gives
v = oLlycos (ot + 7/2)
which at its maximum gives
Vm = oLl (2)

Where V., and |, are the maximum sinusoidally alternating voltage and current,

respectively, and the term ol is called inductive reactance. Also, w = 2=f, where fis
the frequency of the applied signal measured in Hertz.

In the first equation, for a given voltage, the change in current value (usually a
ramp of constant slope) with respect to time is monitored by the inductance meter, and
the unit under test assigned a value accordingly.

In the second equation, the inductance value is calculated with respect to
frequency for set voltage and current values.

4Electrical property analogoﬁs to mechanical momentum (mv) discovered by J. Henry
in the 1830s working at Princeton, and some years later defined with the symbol A by
clerk Maxwell.

5F = d/dt(mv)=m(dv/dt)=ma.




These well known electrical engineering equations (eqs 1 and 2) are the basis of
the two most commonly available inductance meters in the market today. An induc-
tance meter made by Hewlett Packard (HP), Model 4284A, is based on the second
equation and used by the coil and strap assembly supplier (New Bedford Compo-
nents) and at IAAP for their inductance tests. On the other hand, the second type of
inductance meter, the LC Sencore 102, based on the first equation, is now being used
at LSAAP's loading plant assembly line for their tests. The supplier adheres to the
technical data package (TDP)8, while the LSAAP cites ease of use in the assembly
line, as well as programmability, for their selection.

To accommodate all parties, while at he same time addressing the pertinent
safety issues, the following analysis and measurements were conducted.

Electronic Mine Interface
Six Volcano mines are stacked inside the M87 Volcano canister tube, one on top
another separated by the coil and strap assembly which serves as the mine/dispenser

interface (fig. 1). An electrical schematic of the interface is shown in figure 3 for one of
the six mines inside the canister.

A l‘rm-.

Coil & Stra &

Assembly
E
. 20 : 80 y
Transmitter Receiving
Coil ‘ Coil

Figure 3
Electrical interface schematic

Each of the transmitter coils of the coil and strap assembly faces the MCD of a
Volcano mine (fig. 3). According to the TDP, the number of turns (N) of the windings
on the transmitter side is 20, and 80 on the receiving side.

6lt call for testing to be performed with respect to frequency (10 KHz).




At the time of inductance testing, a signal is applied by the inductance meter to
the coil and strap assembly (the transmitting side) which induces a signal on the EBI
(receiving side), with a required energy level of less than 0.1 mW.

Assuming ideal coupling and using the following formulas

N1/No = V1/V2 =I5/l
where the subscript 1 and 2 denote transmitting and receiving, respectively.

Knowing that the HP 4284A provides a test signal of 10 mV and 100 pA at 10
KHz, the value of the signal that the receiving side sees, due to the applied signal at
the transmitter's side can be calculated using formulas

Va2 = V1 (N2/Ny) (3)
and

Ib = Iy (N4/Np) (4)
using equation 3 gives

Vo =10 mV (80/20)
=40 mV

Now, using equation 4, and from figure 2 it follows that
lcoil = 11 = lin/6

gives
l{ = 100 pA/6 = 16.67 pA

which follows that

l, = 16.67 pA (20/80)
= 4.167 pA

This means that the energy levels seen at the receiving side are 40 mV and 4.167
uA. This further translates into a power input at the receiving side of

PRec. = 12Va = (4.167 pA) (40 mV)
=0.167 pW




As calculated before, this is well below the 0.1 mW of no-fire energy specified for
the EBL

A similar analysis conducted for the LC 102 Sencore inductance meter, which
inputs a signal of 50 mA and 0.1 mV into the unit under test, yields the following results

l{ =50 mA/6 = 8.33 mA
l> = 8.33 mA (20/80)
= 2.083 mA

and

Vo = 0.1 mV (80/20)
=0.4 mV

These results also translate into an input power at the receiving side of

PRec. = bV2 = (2.083 mA)(0.4 mV)
= 0.8332 uW

Which, again is well below the no-fire requirement of 0.1 mW for the EBI.

Establishing a New Inductance Value

Once the safety concerns were satisfied, a discrepancy between the inductance
readings obtained with each of the inductance meters had to be resolved, and it was
accomplished in the following manner.

A random sample of 32 coil and strap assemblies was picked and each assembly
numbered. Next, inductance measurements were made using both types of meters
(table 1). The LC 102 readings were taken at LSAAP and the HP 4284A readings at

ARDEC.

As can be seen at first glance in table 1 and by reviewing the inductance test
results graph that follows table 1, the LC 102 meter measurements always produced a
much lower value than the values obtained with the HP 4284A meter, averaging a
difference of 0.47 uH. in the inductance readings, or about an 18% difference in value.

The inductance readings, obtained using the two different test methods, consis-
tently gave different values, as can be seen in the coil and strap assembly data in table
1 and on the inductance test results graph (fig. 4).
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Figure 4
Inductance test results

These preliminary tests indicated that a statistical analysis along with sound
engineering judgment, was required to provide an acceptable solution.

To conduct a statistical analysis, a large data base had to be established.
Inductance tests performed at LSAAP as well as at the IAAP loading plant nrovided
this base. Tests were conducted in almost every conceivable arrangement, and
because the tests were performed on loaded canisters, when the coil and strap
assembly coils are facing the receiving coils of the Volcano mines (fig. 3) a parallel
coupling effect was observed that affected the final outcome of the inductance reading.
As was demonstrated with exhaustive testing, the coupling effect practically cut the
expected inductance value in half.




It was also determined that the degree of alignment between the receiving and
transmitting coils would affect the outcome; therefore, a simulated misalignment test
was conducted in the lab by taping receiving coils to the coil and strap assembly and
making measurements (table 2) with the first to the sixth coils misaligned at different
times; as well as the first and sixth, the first and the third and the fifth misaligned at the
same time. A similar amount of testing was also performed with different arrange-
ments of coils which were purposely shorted to see the effect.

After testing the lab arrangement, the M87 Volcano canister itself was tested. |t
was found out that the weight and pressure of the mines and loading pressures
exerted on the coil and strap assembly interface created a tighter coupling, and the
resulting inductance value was lower.

Atfter the inductance readings began to be consistent, only one thing remained to
be done; that is to support the findings with data. Approximately 700 canisters were
tested (app A) at LSAAP using the LC 102 Sencore meter which used equation 1.
With this data, and using a normal distribution, a statistical analysis of the data yielded
a final value of 1.05+ 0.35 uH.

An identical amount of testing performed at the IAAP loading plant (app B) with
the second type of inductance meter, that uses equation 2, or the HP 4284A, resulted
in establishing a value for the inductance reading using this meter of 1.55 £ 0.40 p at

10 KHz.

It should be pointed out that these tests also detected shorted coils in the canister,
as can be seen in appendix A (sample 56 on 3-2-93, sample 95 on 3-3-93, and
sample 104 on 3-4-93), as well as detecting misaligned coils as can be seen in

appendix B (sample 70).

In effect, two measuring methods were devised to accommodate each facility
while at the same time assuring proper inductance values for the electronic mine

interface.

CONCLUSIONS

The circuit analysis conclusively ruled out the possibility that any of the safety
concerns raised earlier could ever be encountered. It was also shown that the energy
levels of the signals are well below those needed to activate the electronic battery
initiators. As a matter of fact, they are several orders of magnitude below the minimum

no-fire value.

With regard to establishing a new inductance value, it was established by
empirical methods, that is to say, the results were based on experiment.

10




The inductance values measured through contacts A and E on the back of the
M87 Volcano canister connector are now established for two testing methods. One is
with the use of an inductance meter based on equation 2 for which a value of 1.55 +
0.40 pH at 10 KHz with an input of 100 pA (max) and 10 mV (max) should be obtained,
and the second method with the use of equation 1 for which a value of 1.05 £ 0.35 pH
should be obtained if a ramp current input of 50 mA/usec is applied.

As was verified during inductance testing, the primary purpose of the inductance
test was confirmed. This test, to be performed on all canisters from now on, will detect
shorted as well as grossly misaligned coils on the assembly line well before the

fielding stage.

The time and effort that was put into the coil and strap assembly inductance
testing, which led to a reduced dud rate, is more than justified because of these

reasons.

11




Table 1

Coil and strap assembly data

A B Cc D
1 ASSY # LSAAP ARDEC DIFFERENCE
2 1 2.67 3.14 0.47
3 2 2.72 3.06 0.34
4 3 2.67 3.15 0.48
5 4 2.69 3.12 0.43
6 5 2.65 3.32 0.67
7 6 2.69 3.11 0.42
8 7 2.64 3.17 0.53
9 8 2.65 3.21 0.56
10 9 2.65 3.18 0.53
11 10 2.61 3.11 0.5
12 11 2.58 3.12 0.54
13 12 2.62 3.19 0.57
14 13 2.62 3.15 0.53
15 14 2.60 3.15 0.55
16 15 2.64 3.13 0.49
17 16 2.72 3.16 0.44
18 17 2.62 3.08 0.46
19 18 2.69 3.15 0.46
20 19 2.70 3.08 0.38
21 20 2.66 3.20 0.54
22 21 2.65 3.07 0.42
23 22 2.65 3.16 0.51
24 23 2.68 3.16 0.48
25 24 2.68 3.15 0.47
26 25 2.71 3.11 0.4
27 26 2.67 3.07 0.4
28 27 2.71 3.17 0.46
29 28 2.73 3.14 0.41
30 29 2.62 3.19 0.57
31 30 2.73 3.10 0.37
32 31 2.69 3.12 0.43
33 32 2.67 3.01 0.34
34
35
36
3 7 |AVERAGES: 2.67 3.14
3 8 |[MAX: 2.73 3.32
3 9 |MIN: 2.58 3.01

13
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APPENDIX A

VOLCANO CANISTER ASSEMBLY
INDUCTANCE READING A-E
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T 61 TR 111 161 s,é) S
12 .- |~ 62 7 112 162 WAL7)
13 == . 63 L9 113 163 sf’ﬁé
14 e A% 64 el A 114 164 .
15 {_ & 7 65 [ 2% |__us 165 j.p-?
16 /S 66, YA 116 166 /- o2
17 Rl NIy oS 117 167 1.2/0
18 TR . 68 06l 118 168 -9z
19 YA 69 c. § 9 119 169 [e 25
20 /_é___ 70 T 120 . 170 | /e
Cuz. . A 73 L.oZ 12 os |71 2% |
2z 1/ I 72 [0} 122 /. 5t 172 {_& .?/7
23 ‘ ! , /-

v ] 20 P73 | _O.94 123 el 173 - .
24 : ! . 74 Jeo ¥ 124 . 174 %
25 . = 75 XA 125 . 175 A7

TR YY) . 76 ey | 126 176 | on
Y. G177 IRA 4N 127 177 0.7
e i i1 L ES 128 178 g,cz; ’
20 0§ e A& | 798 . [ X8 A 129 179t A
R P 8o | 0. 99 130 180 _ /5
31 4, D2 P 8l L1GL 131 181 YLy
32 e f, 5 SO 82 ) __»_igﬁ 132 182 /4
32§ e To 83‘ Z.gy 133 183 I
24 3} &2 e F6 | 134 184 7.0%
35 ] S _Ssaén;gw o 1358 185 Fr 7
36 e ¥l - O, 136 186
37 . s G5 87; . _-_g -a% 137 167
38 -t @@ .| 88 10,49 138 188
39 % Zi & ) 89 -] g 1E 139~ 189 i
40 - il 28T | 90 Q. 140 190 |
41 2 Y BT oy 141 191 |
4z L lA 192 - N 142 192
43 2 0f 183 6" 143 183
VR R _ 1 14 144 194 ' |
R 1 es Ab__ 1 148 195 |
; : 146 196 ; .
147 197 !
148 19§
149 199
1150 200
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1 ‘ e ‘ ‘; : >\ CANISTER TASSY . R
| . ; N3 NEE READING A-E. T .
| 1 F47 - B V . )
PE 3.@ , i Lot B ' . N LN
b ., . _ph : ph
A INDUCTANCE| SAMPLE |INDUCTANCE| SAMPLE INDUCTANCE]l
' iy | READING | NUMBER | READING | NUMBER | READING ||
oy -.l',-'a._”_] 181 1,06 101 N34 151 X ,Ol%
2 Leg 52 1,04 102 .05 152 e
L30T 1! '.b R - 4 _.‘ [ 4 ) 103 l. a.__s___.. 153 4 2 l
4 i jepo | Tsa [, ) 104 4_.__&1_0 —154 -l—nal_-—'
s W) ,04 ¢ 55 1 ,1% 105 { .0 C 159 q
6 % L 56 RoDA 106 L 0 156 n m
> :‘j"",'u'—_ 1537 L 09 197 e 02} 137 ——L-n-—g—g_—
8 11 e i%‘ o581 _""ng _108 Loy 158 .
¢ " i .]5 59 R 109 1077 159
‘ 110 l .04 160 f: og
12 D epeg ~ 161 (-] 1
S AnPLe 162 o
113 Va) 163 L)
114__ [N 164 | l?_u
1y | _ 115 Qb 165 1\, @
Y 166 ., @0
117 - L 167 ] L, O6
118} g__ 168 L% .
LW V 119 . 169 LOb
. %% 70 1 - 120 el 170 1 .66
6 ' bl ' : 121 . 17 |
2241 .19 T2 1,08 122 L 172 lgg
23 VoLl 73 1,0 123 . ] 173 Y . -
24 14 LT P74 n] .09 124 174 | + &0
25 4 1T i 75 e 15 L 125 175 . Q49
26 Al 43 78! 1R 126 176 1 ,O <4
27 i \% JL 77 |\ Na__|__ 127 177 ] O
28 o 4.y .4 P78 - 4 leOR2 1 1z8 178 Y
29 - 1 { 0oF 79 le @2 1129 79 ') o8
30 i1, ng . 80 Jigi__ 130 150 | '4 L0 2
31 c oo, . B i@ ¢ 4131 1831 | o 20 !
32 NIPEL) ;82 4,9 132 182 .89
33y P.TH 1 ex \.05 1 133 183\ ) oL
34 o) e 84 i 1,0 1 iaa _ 184 1 .0l
35 ¢ i 1,04 85 - |1 /] 135 185 N>
36 IR-XC) 86 . . 136 186 | o499
37 - U1 87 J.0oH | 137 167 \ vo¥X
3g - -4 1A lt(if 88 11086 138 1 .12 188 L@
39 1 1O 89 X I a;, 139 189 r O6
40 1 1D 90 :Jl. o 140 190 . (=203 11
4) &7 | 91 1. o8 " 141 191 -
42 1_1.0% 92 A3 142 192 I .00
Ow - . 143 193 .
N ___laa 194 o -
145 185 2
TS | 146 196 . 1
147 197 - . 1
1 oY 148 198 . t'
{ 204 149 199 } b
IR 0') o 159 200 '
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Ca&ulIHK LW T35 1gEAgHT Ul FURCH.  TEXARKANA, TX

VOLCANO—CANISTER ASSY. ~
INDUCTANCE READING A-E

oate: 3-4- 93 LE Woes-009

. ph ph ph puh

. SAMPLE | INDUCTANCE| 'SAMPLE '|INDUCTANCE| SAMPLE |INDUCTANCE| SAMPLE |INDUCTANCE
NUMBER | READING | ~NUMBER | READING NUMBER | READING NUMBER | READING

1 19 9 51 106 { 101 .44 151 -

2 1 Tl 52 - 102 oM 152 .

3 T:os 53 1 4 103 153 S

4 4 ‘; 54 1 410 154

5 o 1l 55 T ¥ 1 155 —

& te 194 56 . 106 -85 156 . i
7 %0\ 57 1,10 107 L OO | 157 .

3 } 58 o 108 158 .

g 9 59 109 159 .

10 —t:gbs 60 1.0 110 160 —

11 [0 61 X gb 111 161 N

12 1 05 62 4 112 19 162 "
T3 Y. 63 w3 113 |+ 4% 163 .

14 Jald 64 YA 114 34 164 .

15 65 L PO i _ 115 O 165 .

16 dal 66 P 116 ,LOS 166 ) |

7 1 07 _ 67 6 117 [ o005 167 i
——i8 LG 68 1.00 118 1,05 | 168 e

19 deO 69 W) 119 a4 169 .

20 1 .08 70 L. | 129 MCTY 170 .

21 |, 71 L 0% 121 | Q1 171 .

22 A 72 1l 122 172 e

3 A A4 73 A 123 : 173 .

2 X 74 TN 124 Y 174 .~

25 KW 75 l{ ;0; 125 LTS 175 .

26 L {76 N 126 NY2 176 .

27 lL‘.‘%D"O 77 .95 127 ]  OF | 177 *

28 Vo 12 78 oA 128 o\ 178 T

29 oY ) 79 . 212 129 —ed 179 .

30 JV L0 | - 80 « 44 130 G 180 ,

31 T aia e T,00 | 13 N T T —*
32 :!L;.O.f\... ~ 82 | _le.2] | 132 a5 182 —
33 _1_.-.13%__. ‘%%TD s ln OO 133 .97 183 .
L R Saoplll 134 Y 184 N

35 . i 88 1 5 135 A4 185 .

ML . 136 | ol 186 .
137 9 187 _.s
138 168
139 i 189 |4
140 23 190 N i
3141 . 191 _
142 . 192 .
143 . 193 .
144 » 194 e
145 . 195 .
146 . 196 | o
147 . 197 °
- 148 o 198 N
1, : 149 = 199 —
50 I O‘i 1100, _ oﬂ3 150 o 200 . ‘
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APPENDIX B

VOLCANO, LOT NUMBER 10P393E001--002
FINAL CANISTER INDUCTANCE READINGS
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03— Jun=83 MASON & HANGER = SILAS MASON CO., INC.
APPENDIX B

VOLCANO
LOT NUMBER |0P93E001—-002
FINAL CANISTER INDUCTANCE READINGS

* _# READING # _READING # _ READING # _ READING #  READING
7 145 57 165 0T 140 151 141 o7 140
2 158 52 164 102 169 152 173 202 143
3 157 53 1.85 103 1.87 153 143 203 142
y 1.42 54 191 104 1.38 184 144 204 149
5 148 55 163 105 160 155 154 205 142
6 147 56 185 106 1.89 156 143 206 143
7 1.41 57. 163 107 153 157 147 207 146
8 143 58 1.86 108 1.40 158 143 208 165
9 162 59 1.81 109 1.38 159 1.41 209 1.96
10 . 135 60 169 110 154 160 1,55 210 142
19 147 61 155 11 1.40 161 155 211 140
12 155 62 153 112 1.38 162 1.60 212 146
13 143 63 1.63 118 138 163 139 213 1.43
14 145 64 172 - 114 142 164 1.40 214 142
15 152 65 164 115 1.44 165 150 215 143
16 1.43 66 161 116 154 166 1.40 216 141
17 135 67 . 165 17 1.26 167 140 217 1.49
18 134 68 1.60 118 1.94 168 1.46 218 141
19 1.49 69 162 118 185 169 151 219 1.40
20 161 70 30} 120 167 170 1.39 220 147
21 146 71 5% 121 1.40 -7 1.39 221 154
22 136 72 157 122 150 172 142 2 1.38
23 165 73 1.54 123 178 173 1.87 223 171
2 17 74 1.85 124 151 174 146 224 150
25 142 75 1.58 125 1.56 175 1.58 225 166
2 164 76 158 126 1.41 176 156 226 1.44
27 1.42 7 1.68 127 175 177 1.42 227 1.44
28 167 78 173 128 1.36 178 1.48 228 143
2 158 79 155 129 161 179 146 229 155
30 165 80 167 130 1.39 180 1.41 230 154
a1 177 81 167 131 142 - 181 146 231 140
32 155 82 159 132 1.54 182 1.44 232 136
33 157 83 164 133 1.46 183 163 233 136
34 163 84 189 134 1.48 184 1.35 234 139
35 1.68 8s 162 135 1.38 185 147 235 139
36 166 86 157 136 156 186 154 236 149
7 147 87 167 137 1.44 187 137 237 1.38
38 1.59 88 157 138 1.43 188 144 238 141
3s 175 89 161 139 1.38 189 137 239 144
40 156 90 163 140 1.41 180 147 240 140
41 168 o1 167 141 1.44 191 1.38 241 137
42 172 92 176 142 150 192 1.40 242 146
43 162 93 152 143 136 183 1.41 243 147
4 177 94 163 144 1.44 194 1.44 244 1.38
45 162 95 1.58 145 1.38 195 149
46 171 96 170 146 136 196 1.43
47 159 97 168 147 1.66 187 142
48 171 98 178 148 174 198 1.38
49 158 99 177 149 143 199 140
50 1.58 100 1.45 150 1.41 200 1.48.
AVERAGE OF READINGS 1.526107
MINIMUM READING 133 !
.MAXIMUM READING 53 7 —— > ;-
STANDARD DEVIATION 0.137231 < Y4 /s
Fiasm\ laaa
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JL-28-1993 14:@1 FROM  MASON & HANGER T0 F.01

\ \
|
. IOWA ARMY AMMUNITION PLANT: VOLCANO INDUCTANCE
LOT: 10P93G001-005 DATA COLLECTED FOR APPROXIMATELY ONE SHIFT
REFERENCE: NOR M3N3009 APPROVED 930617, SMCAR-FSP-E
\ SINUSOIDAL INPUT, 1.55 +/- 0.40uH -
\ / RS
‘ uH INDUCTANCE
PRIORTO | AFTER | PRIOR -
TEST SAMPLE| CRIMP | CRIMP { AFTER GENERAL OBSERVATIONS
SAMPLES 1 2163, 2.048| -0.115 '
4-5 2 2.237 | 2.005| -0.142 1. ALULGNMENT OF COILS
X-RAYED 3 2494 | 2.006] -0.188 IS OFF IN DIRECTIONO
4 2381 2.157| -0.224 THE STRAP.
5 2201, 2.189] -0.012
3 2.346 | 2.298| -0.048 2. ALIGNMENT DIS-
[- 5 7 2038 1.972] -0.066] PLACEMENT INCREASE
Jn ) 24391 1.984| -0.155 AS THE TUBE WAS
e ) 2.227 1.0881 -0.239 MOVED TO THE MINE
dof 10 2138 | 1.991| -0.147 NEXT TO THE BREECH.
11 25084 | (22337 -0.061
12 5208 | 2.041| -0.168
13 2.104 | 1.987| -0.117
14 2044 | 1.953| -0.091 , | .
15 5115 2.071] -0.044 Post-It~ brend fax transrmittal merno 767! #otpages » |
16 2810 [ 2.612] 0.002| | Jo#N_PRINTZ Fom W BN GOERING
17 2.215 | —1.971| -0.244 “ ARDEC o Mpsond HANGER
:g 2.215 %1 20.203] [ SMCAR-FSP E | Dsi- 5857028
2.1 k - ‘ -0030 Fax # - Faxw» » _
50T 2.108 | 2.070] -0.0387 OsN_g80~ 573/ ™" BN 5L 2115
21 1088 1.954] -0.034 "x'_-_—-__" Eyy N
53T 2080 2.040] 0.010| I of C*fb,. Cooesy
23 22221 2194} -0.028 B G G otz -10Z . ((Remmic
24 2240 (2749 L 0.001| Lr wk e Ssinn consel 2.
25 2077 | 2027| -0.050
0 X% M‘\ Mw< .
1A 1.666 *DATA WAS NOT
CONTROL 2A " 1.852 RECORDE
pA,c,,.e/L,LJ 20 mjc, (RST R (:L;),
SUMMARY FOR OVER 1.95 uH Lt 2ty [ﬁ_uﬂﬁ/ o,

AVG PRIOR TO CRIMP pqg7p (coa) t (172 ),

AVG AFTER CRIMP 2.0862

AVG DROP IN uH -0.1009 <=== AFTER CRIMP
TEST STD DEVIATION 0.1439 "

3 SIGMA HIGH AFTER CRIMP  2.5179 "

24
KEN GOERING, PRODUCTION ENGINEERING, DSN 585-7038, 28 JUL 93 2




DISTRIBUTION LIST

Commander
Armament Research, Development and Engineering Center
U.S. Army Tank-automative and Armaments Command
ATTN:  AMSTA-AR-IMC (3)

AMSTA-AR-GCL

AMSTA-AR-FSP (6)
Picatinny Arsenal, NJ 07806-5000

Administrator

‘Defense Technical Information Center

ATTN: Accessions Division (12)
Cameron Station
Alexandria, VA 22304-6145

Director

U.S. Army Materiel Systems Analysis Activity
ATTN:  AMXSY-MP

Aberdeen Proving Ground, MD 21005-5066

Commander

Chemical/Biological Defense Agency

U.S. Army Armament, Munitions and Chemical Command
ATTN: AMSCB-CII, Library

Aberdeen Proving Ground, MD 21010-5423

Director

U.S. Army Edgewood Research, Development and Engineering Center
ATTN: SCBRD-RTB (Aerodynamics Technology Team)
Aberdeen Proving Ground, MD 21010-5423

Director

U.S. Army Research Laboratory

ATTN:  AMSRL-OP-CI-B, Technical Library
Aberdeen Proving Ground, MD 21005-5066

Chief

Benet Weapons Laboratory, CCAC

Armament Research, Development and Engineering Center
U.S. Army Armament, Munitions and Chemical Command
ATTN: SMCAR-CCB-TL

Watervliet, NY 12189-5000

Director

U.S. Army TRADOC Analysis Command-WSMR
ATTN: ATRC-WSS-R

White Sands Missile Range, NM 88002

25




